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Definitions 
As it will be used in this thesis, the term "clustering" indicates 
the phenomena of two or more words belonging to the same category, being 
recalled successively without the intrusion of a word belonging under a 
separate category. For example, the recall successively of". elm, 
oak, birch, truck 11 is a three word cluster ended by the recall of 
"truck", which is obviously a subordinate of a category heading other than 
"trees". 
The use of the i=rm "recall efficiency" will refer to the percentage 
of words, presented to each subject, that was recorded during the period 
of recall. For example, if a subject received a list of 24 items and could 
correctly recall only 12 items, his "efficiency of recall" was 50 per cent. 
"The number of incorrect intrusions" will be used to designate the 
number of words recorded, during the recall period, which were not pre-
sented to the subject in the experimental list for his group . For ei<-
ample, the recording , at recall, of the word "painter" by a subject, when 
his list contained the word "printer" instead of "painter", was counted as 
an incorrect intrusion. 
The term "clustering mechanism" will refer to the theoretical human 
perceptual mechanism which organizes meaningful material into clusters, 
by common characteristics, such as the cluster" •••• bear, lion, pan-
ther, wildcat • • • • ". For example, the word "bear", upon its recall, 
would activate the appropriate mediated response, or superordinate, "wild 
animal", which would then tend to facilitate the recall of other subordin-
ates such as "lion, panther, wildcat •••• " 
-
The Problem 
The problem is to investigate experimentally the effects of the number 
of categories and the length of lists upon retention, as measured by the 
number of correct recalls and the number of incorrect intrusions at recall. 
The importance of the problem area, under investigation in this thesis, 
is well summarized by Deese (1958). 
"There is a good deal more to the problem of retention that simp-
ly whether or not responses are retained; they are organized in 
accordance with the individual's previous habits, motives, and 
other unique characteristics. Such reorganization is perhaps the 
most fundamental aspect of retention • • • • " ( p . 244) . 
"One of the clearest and most important examples of reorgan-
ization of verbal material in memory occurs in the phenomenon of 
clustering discovered by Bousfield and his associates" ( p . 244) . 
"An important problem in clustering concerns the number of 
categories into which the items on a test of recall may be class-
ified. If one holds the length of the list constant and varies 
the number of categories, the number of items in a category de-
creases. What happens to recall under variation in the number of 
categories? One might expect that recall would decrease as the 
number of categories increased because too large a number of cate-
gories might exceed the immediate memory span (which is about 
seven items for adults). On the et he r hand, if the number of 
categories is reduced too far, there might be t 0O many items in 
any one category for the immediate memory span, even taking into 
account the advantages of coding. Perhaps one would expect some 
optimum number of categories for a list of a given length" 
(pp. 245-246). 
Deese then cites the work by Mathews (1954) on the effects of the number of 
classificatory categories on recall, and he concludes that the evidence pre-
sented by Mathews is too limited for any generalizations on the effects of 
the numbers and kinds of categories upon clustering and recall. At the 
time Deese wrote, he was unaware of additional work (Bousfield and Cohen, 
1956; Cohen and Bousfield, 1956) which added to the knowledge of the 
effects which he felt were in question. 
However, following a careful survey of the pertinent literature, the 
writer has found that there is no evidence to support the suggestion by 
Deese that seven categories are probably the optimum to facilitate clust-
ering and subsequent recall in adults. On the contrary, the writer feels 
that the optimum number of categories may well be higher, for lists of 
about 24 to 30 items in length. The writer has also failed to find any 
published attempt to construct curves for numbers of correct recalls and 
numbers of incorrect intrusions for various list lengths and various num-
bers of categories. 
However, before construction of such curves for the various numbers 
of categories and various list lengths can be attempted, and before the 
optimum number of categories can be found for any particular list length, 
it will be necessary to discover the effects of various lengths of lists, 
various numbers of categories and the effects of the interaction of those 
two independent variables upon the numbers of correct recalls and numbers 
of incorrect intrusions at recall. Once the effects of these variables 
are demonstrated, experimentation which is designed to find the optimum 
number of categories, for a specified list length, will become feasible. 
Review of Literature 
Bousfield and Sedgewick (1944) were the first to publish an investi-
gation of clustering at recall. The authors asked their subjects to write 
down any words that came to mind in certain specified categories. Upon 
investigating the sequences of associated responses, they found a high 
incidence of clustering in the resulting lists of words. The results of 
this investigation brought to light the need to find a way ofqiantifying 
this apparent tendency for subjects to respond in meaningful associative 
clusters upon the recall of meaningful material. Following this recog-
nition of the need for quantifying the clustering tendency, it was not 
until almost ten years later that Bousfield (1953) demonstrated the 
clustering phenomena and made an attempt at quantification. He presented 
a randomized list of 60 nouns falling into four categories--animals, male 
first names, professions, and vegetables--to over one hundred subjects. 
There were 15 nouns in each category in the randomized list. The list was 
read at the rate of one each three seconds. The subjects were instructed 
to begin writing as many of the nouns as they could remember, beginning 
three seconds after the reading was completed. The period of free recall 
continued for ten minutes. The results of this experiment demonstrated 
that clustering occursatrecall appreciably beyond a chance level. Al-
though in this study, Bousfield did not investigate the relationship be-
tween the degree of clustering at recall and recall efficiency, he did 
lay the basis for later work on this point. Bousfield's attempted quanti-
fication of associative clustering was an effort to relate the clustering 
-
phenomena to Hebb's (1949, p. 335) theory on the nature of the cr 5an-
ization of the higher mental processes. 
Using the same material that Bousfield (1953) had used, Bousfield 
and Cohen (1953) investigated the effects of reinforcing subjects by 
presenting the noun lists to be recalled from one to five times. The 
results supported the hypothesis that the amount of clustering at recall 
is a positive function of the number of presentations of the list. They 
also found that the initial level of clustering and the speed to the att-
ainment of maximum clustering are positive functions of reinforcement. 
They found that as the subjects progressed throu~h the ten minute period 
of free recall, clustering activity progressively decreased at all levels 
of reinforcement. Again, Hebb's theory on the development of superord-
inate perceptions in the organization of behavior was invoked to explain 
the results. 
Bousfield and Cohen (1955) found that the amount of clustering at 
recall is a positive function of the degree of reinforcement when rein-
forcement takes the form of word lists with a high frequency of usage 
and familiarity, based upon the Thorndike-Lorge (1944) tables. The pur-
pose of the experiment was to determine whether or not the conclusions of 
their previous study, (Bousfield and Cohen, 1953) would be supported when 
reinforcement was defined in this different manner. Two lists of stimulus 
words were prepared from the Thorndike-Lorge tables and were constructed 
so as to meet the following criteria: (1) each list was comprised of 
60 nouns with 15 each in the four categories, animals, names, professions , 
and vegetables; (2) the high reinforcement list was comprised of nouns 
with high Thorndike-Lorge frequencies of occurrence; (3) the second list, 
which was the low reinforcement list, was comprised of nouns with low 
Thorndike-Lorge frequencies of occurrence; (4) the mean word frequency 
for each category was the same within each list; and -(5) the words in 
each list and for each category were matched as closely as possible with 
respect to the number of syllables. The low frequency list of nouns had a 
mean frequency of about 2.6 occurrences per one million words, according 
to the Thorndike-Lorge tables, whereas, the high frequency lists had a mean 
frequency of nearly 24. The nouns from both lists were randomized and 
placed in their random orders of presentation on glass slides. Each list 
was placed on a single slide and was projected on a screen using an over-
head projector with a moveable mask which exposed only one word at a time. 
The nouns were exposed at three second intervals. Mimeographed data sheets 
were supplied to the subjects for their use in the ten minute period of 
free recall. Recall began three seconds after the final word in the list 
had been projected. The subjects used in this experiment were 150 under-
graduate students in six laboratory sections of Introductory Psychology . 
The sections ranged in size from 22 to 29 members. The subjects were divi-
ded into two experimental groups each made up of 75 students from three of 
the laboratory sections. The mean number of nouns recalled by the group 
receiving the high frequency list was 15 per cent higher than the mean 
number recalled by the group with the low frequency list. This difference 
was statistically significant. The results of this experiment, as expect-
ed, were parallel to the earlier study of the effects of reinforcement on 
clustering. Once again, the results were related to Hebb 's account of the 
devel opment of superordinate percept ions . 
Helson and Cover (1956) found that classification of names by specific 
category yie lds significantly greater clustering at recall as well as 
signi ficant l y greater recall efficiency than classification of names by 
gene r al categories . The authors , following Hull (1943, p . 422), suggest 
that greater pro-active interference occurs in using general categories 
and that specific categories facilitate the clustering mechanism and re-
call efficiency by reducing this interference. 
Sakoda (1956) found that there is a highly significant correlation 
between clustering and recall efficiency when individual differences are 
accounted for using a modified form of Fisher's Analysis of Covariance. 
In making this analysis, Sakoda utilized data from an experiment done by 
his colleagues , Bousfield and Cohen (1953), at the University of Connecti-
cut . The result of Sakoda's analysis supports Bousfield and Cohen's cont -
ention that the recall of a word in a particular category reinforces the 
superordinate for that category. This results in the clustering of the 
terms which are subordinates of that superordinate, thus facilitating 
their serial recall as a cluster . Sakoda suggests that the recall pro-
cess is one in which the subject initially recalls the most familiar app-
ropriate superordinate; then the subject recalls its subordinates, acc-
ording to their relative habit strength, in clusters, occasionally in-
truding words not logically in the category which may be associated with 
the s upe rordinate by some means known only to the subject. When the sub-
9 
ject exhausts this most familiar category and its subordinates from his 
memory , he then appears to shift to successively less familiar superordinates, 
recalling the subordinates of each in general clusters, until his memory 
for the appropriate terms for recall is exhausted. As Bousfield and Cohen 
(1953) have pointed out, as recall approaches its limits, clustering tends 
to progressively break down to the point where only isolated individual 
subordinates are recalled. The progressive decrease in clustering in the 
later stages of recall has been explained by Bousfield and Cohen, as well 
as Sakoda, as a decrease in the habit strength of the words recalled late 
in the recall process. 
J.U 
Cohen and Bousfield (1956) obtained results in an independent study, 
which parallelled those found by Helson and Cover (1956). Cohen and Bous-
field found that dual-level stimulus word lists result in stronger rein-
forcement of the clustering mechanism than is found with comparable single-
level stimulus word lists. The single-level list contained 40 items, ten 
each in four categories. The dual-level list made use of the same four 
general categories; however, these were broken down into eight more s peci-
fic categories. For example, the category "names" i n the single-level list 
was divided into "male names" and "female names" in the dual-level list. 
Both lists were equated for familiarity, using the Thorndike-Lorge tables, 
and were of equal length. The results demonstrated the increased effic-
iency found in clustering and rate of correct recalls when the superord-
inates invoked allow f or organization of a more specific nature. 
Bousfield, Cohen, and Whitmarsh (1958) found that lists of names with 
high frequencies of occurrence, as found in the Thorndike-Lorge tables, 
facilitate significantly more clustering activity and greater numbers of 
correct recalls than equal length lists of names with low taxonomic 
frequency . The authors conclude that the greater the relative usage and 
familiarity of a list of names (1) the more easily clustering of the list 
can take place and (2) the more readily the subordinates can be recalled. 
It is also suggested that lists with high mean taxonomic frequencies will 
facilitate the organization of the recall process. 
Working independently of Bousfield and his associates, Mathews took 
11 
a somewhat different approach to this problem area by studying the effect 
of the number of categories upon recall (1954). Mathews was not concerned 
with the effects of clustering ; however, it should be noted that she con-
ducted her research prior to the publication of Bousfield's 1953 report, 
and was obviously unaware of his experiment. Mathews constructed her lists 
using the names of famous artists, athletes, conquerors, composers, poets , 
and scientists. Mathews used 238 subjects f rom beginning psychology 
classes at the University of California, after having standardized her 
lists of names through pilot work with 150 subjects drawn from the same 
source as the experimental subjects. Mathews hypothesized that as the 
number of items in a category were increased, there would be a corres-
ponding increase in the difficulty of recall of the individual items; 
but that when the number of items remained constant and as the number of 
categories increased from one to six, recall of individual items would 
increase. Mathews' experiment was designed to test the effects of two, 
three, and six categories on the recall of lists of names each 24 items 
in length. Mathews found that subjects receiving the s ix category lists 
recalled significantly more names, following ten minutes of interpolated 
activity, than did subjects with three category lists. The three 
category subjects recalled significantly more names than those working 
with t wo categories. She found, also, that the number of incorrect in-
trusions of names at recall was a negative function of the number of cate-
gories . Although the reported differences between the groups in her two 
comparisons were statistically significant, the actual mean differences 
were fairly small and significance could have been largely the result of 
having a large number of degrees of freedom in the error term, by using 
over 200 subjects. Mathews concluded that as the items in a category 
increase , the difficulty of recall of the individual items increases; but 
that as the number of items in the lists remain constant and as the num-
ber of categories increases from one to six, recall of individual items 
will increase . She hypothesized that the items within a particular cate-
gory form a trace aggregate, which appears to be the same concept as 
Bousfield's clusters. Mathews sees the category name as being connect-
ed with each of the subordinate names in the form of a constant stimulus 
with various correct responses. She suggests that as the number of items 
in a category increases, the effort to recall any one of the particular 
subordinates suffers progressively greater interference from the compet-
ing tendencies to respond with the other appropriate subordinates, simul-
taneously. The writer feels that there were several basic weaknesses in 
Mathews' experimental design. For example, Mathews tested for only t hree 
categories, using printed randomized lists of experimental names. These 
lists formed the first page of a class quiz. The subjects were instructed 
to code the list of experimental names according to the appropriate cate-
gory headings listed at the top of the page. As soon as each subject had 
completed the coding procedure the face sheet was torn from the test 
booklet and picked up by Mathews . Thus there was no effective control 
over the opportunities of the subjects to memorize the names at an equal 
rate before the lists were collected. This method of presentation also 
forced conscious categorization of the experimental terms by way of forcing 
classification by suggested superordinates. Following the collection of 
the coded lists, the subjects proceeded to work on the class quiz for a 
ten minute period before Mathews had them recall as many of the names as 
they could in a five minute period. The use of a ten minute period of 
interpolated activity before recall allowed the intrusion of the variable 
of individual differences in the speed of forgetting. The writer assumes 
that the intrusion of this uncontrolled variable may well have jeopardized 
the validity of Mathew's results, although she might counter that her 
sample was large enough so as to include approximately equal numbers of 
slow and fast forgetters in each experimental group. The fact remains 
that the use of immediate recall would have been empirically more sound . 
Since the appropriate superordinate category headings were listed at the 
top of the mimeographed recall sheet, the recall of the first subordinate 
member of each category was thus facilitated. The writer assumes that the 
availability of the appropriate superordinates, as provided by Mathews, 
would facilitate the highest possible degree of clustering and therefore 
an extremely high degree of recall efficiency. This optimum facilitation 
of the recall process is an artificial condition which is very remote from 
the ordinary operationoof the recall process in every day human exper-
ience. Mathews decided that each subject should reach a certain criterion 
-
in the correct coding of the experimental names or his results would be 
discarded in considering the final results of the study. Since several 
subjects in each experimental group failed to meet her criterion, their 
results were discarded. Because of this fact, the assumption can be made 
that the poorer learners were not adequately represented in the sample. It 
can also be assumed that these poorer learners, or average learners, work-
ing under low levels of motivation, would have been the least efficient 
in the recall process . Had the results of these subjects been considered 
in the final results, regardless of the criterion, the already small diff-
erences in recall efficiency among the three groups might have been dim-
inished to the point of non-significance. 
Regardless of the writer 's criticisms of Mathews' experimental de-
sign and procedure, it must be noted that she was the first to investi -
gate the effects of the number of categories, and as the pioneer in this 
particular area of research, her work has made a substantial contribution 
to the eventual solution of the question "How many categories is the most 
efficient for the learning , organizing, retention, and recall of meaningful 
material?" 
Bousfield and Cohen (1956) investigated the effects upon clustering 
in recall of the number of word categories in stimulus word lists . This 
experiment was done prior to the publication of Mathews ' (1954) experi-
ment. Using word lists 40 items in length, Bousfield and Cohen conducted 
two experiments using similar designs, but two different types of subjects--
naive and sophisticated--to study the relationships between the clustering 
process and the number of categories in the stimulus word lists. They 
found that experimentally naive subjects who received lists in eight cate-
gories, with five items in each category, recalled significantly more words 
than those naive subjects who were given four categories with ten items in 
each category. The four category naive subjects were significantly better 
at recall than the two category naive subjects. The authors concluded 
that their results supported Hebb's (1949, p . 335) expectation that "with 
sufficient massed activation, a superordinate system tends to show a de-
crease in its capacity to facilitate the action of its superordinates" 
(Bousfield and Cohen, 1956, p. 105). Both experiments showed a positive 
relationship between the number of categories and the degree of clustering, 
although the second experiment utilizing sophisticated subjects did not 
show the expected positive relationship between the number of categories 
and recall efficiency. On the contrary, this experiment showed a negative 
relationship between number of categories and recall efficiency. These 
sophisticated subjects had previously been subjects for a clustering 
experiment and the authors concluded that these subjects had developed a 
set for this type of experiment and were looking for superordinate cate-
gories under which the word lists could be organized. The authors pro-
posed that their data supports" •••• the important assumption that the 
potency of set to increase both recall and amount of clustering varies neg-
atively with the number of categories of the stimulus-word list, i.e., 
the potency of set varies negatively with the complexity of the categori-
cal structure of the stimulus-word lists" (pp. 104-105). The above find-
ing demonstrates the necessity of using experimentally naive subjects for 
this type of experiment in order to secure unbiased and reliable data . The 
results of the analysis also showed that the sophisticated subjects were 
consistently superior to the naive subjects, used in the fi rst experiment, 
in both clustering and recall efficiency . It should be noted that the re-
sults produced by the naive subjects showed the expected positive relation-
ship between the number of categories, recall efficiency, and clustering. 
For these two experiments , Bousfield and Cohen selected two syllable 
nouns with Thorndike-Lorge frequencies ranging from two to 17 per million 
words . The mean frequency for each category in each of the experimental 
lists was held at eight. The words selected for each list were placed in 
their randomized orders of presentation on glass slides. The glass slide-
lists were projected by means of an overhead projector with a moveable 
mask which exposed one word at a time. The mask was moved manually at 
three second intervals in time with the flashing light of a timing device. 
Prior to the projection of the experimental lists, each subject re-
ceived a mimeographed data sheet for use during the immediate recall per-
iod which began three seconds after the projection was complete. Inst-
ructions were read to each experimental group , prior to the presentation 
of the lists, indicating that as soon as the signal to begin recall was 
given , the subjects should write as many words as they could recall from 
the list they had just seen 11 • in the order in which the words 
occurred to them" ( p. 97). 
It seems evident that Bousfield and Cohen's method of presentation 
and their experimental design were superior to the method and design used 
by Mathews, with one exception . This exception was the apparent content-
ment of Bousfield and Cohen to test for the effects of only three different 
numbers of categories. It is the writer's opinion that, although Bous-
field and Cohen's methodology was excellent, their design and methodology 





The hypotheses are based upon expectations fostered by the previous 
experimental work with clustering, and the efficiency of recall, of lists 
of meaningful material. The term clustering is used, here, in conjunction 
with the efficiency of recall, since the positive relationship between the 
degree of clustering activity and recall efficiency has been adequately 
demonstrated through the work of Bousfield and his associates. Therefore, 
it would be redundant to investigate the relationship of clustering acti-
vity and recall efficiency in this experiment. 
Rather, the hypotheses of this experiment concern the effects upon 
retention of varying the numbers of categories in the experimental lists 
and the length of the experimental lists. The number of correct recalls 
and the number of incorrect intrusions at recall are used to measure these 
effects upon retention. 
The hypotheses are as follow: (1) The efficiency of recall will 
decrease as the length of the experimental lists.increases from 12 to 48 
items. (2) The number of incorrect intrusions at recall will increase 
as the length of the lists increases from 12 to 48 items. (3) The num-
ber of correct recalls will increase as the number of categories in the 
word lists increases from two through six; however, at some point between 
6 and 12 categories, this relationship reverses. Consequently, the recall 
efficiency for 12 categories should be slightly less than for six categories. 
The fourth hypothesis is that the number of incorrect intrusions will de-
crease as the number of categories in the stimulus-word lists increases 
from two through six; however, at some point between 6 and 12 categories, 
this relationship reverses. Consequently, the number in incorrect in-
trusions for 12 categories should be slightly higher than for six categories. 
Since it appears reasonable that the optimum number of categories for 
lists of 12 items would be significantly fewer than the optimum number of 
categories for lists of 24 items--the same being true for lists of 24 and 
48 iterns--the fifth hypothesis is that there is a significant interaction 
between list length and the number of categories, as they affect the eff-
iciency of recall and the number of incorrect intrusions at recall. 
Methodology 
Basic Experimental Design 
In order to test the five hypotheses of the thesis an experiment 
was constructed to empirically test for the effects on recall of the 
numbers of categories, the length of lists, and the interaction of these 
two variables. The experimental design called for the assignment of 15 
experimental groups to 15 experimental conditions. Lists of 12, 24, and 
48 items in length were combined factorially with two, three, four, six, 
and 12 categories resulting in 15 conditions in the experiment. These 
15 experimental groups will be referred to as follows: L-12, C-2 (lists 
12 items in length, containing subordinates in 2 categories); L-24, 
C-12 (lists 24 items in length, containing 2 subordinates in each of 12 
categories); etc. Therefore, each of the 15 experimental groups was 
assigned to one of the three list lengths and to one of the five numbers 
of categories. A matrix showing the experimental design used in this 
thesis will be found in Table I. 
Subjects 
It was decided to use six subjects in each experimental group, which 
would have included a total of 90 subjects in the experiment. However, 
due to absences in several of the groups on the day the experiment was con-
ducted, only five subjects were used in each group , making a total of 75 
subjects in the experiment. In order to obtain a homogeneous sample of 
this size, during the summer session of 1963 at Fort Hays Kansas State 
College, subjects were selected from seven classes. The classes from which 





Design of the Experiment 
Number of Categories 
2 3 3 6 12 
12 Cell-1 Cell-4 Cell-7 Cell-10 Cell- 13 
items 6 items 4 items 3 items 2 items l item 
I cate . I cate . I cate . I cate . I cate . 
L 
L e 
i n 24 Cell- 2 Cell- 5 Cell- 8 :ell-11 Cell-14 
s g items 12 items 8 items 6 items 4 items 2 items 
t t I cate. I cate. I cate . I cate . I cate. 
h 
48 Cell-3 Cell-6 Cell-9 Cell-12 Cell-15 
items 24 items 16 items 12 items 8 items 4 items 
/ cate . I cate. I cate. / cate . / cate. 
I 
Speech, two sections of Human Growth and Development, and one section of 
General Psychology. In order to select the most homogeneous sample possi-
ble from among these classes, data cards were prepared and completed by 
each potential subject in each of the seven classes, several days prior to 
conducting the experiment. Facsimiles of the two data cards used will be 
found in Appendix A. On the basis of the information secured on the data 
cards, experimental subjects were selected from each class using the follow-
ing criteria: (1) the student's age must fall within the range from 19 
through 24 years in order to minimize the possible effects of an age var-
iable, (2) only those students who are citizens of the United States can 
be used so as to minimize the effects of the variable of familiarity with 
the English language, (3) only those students who are not acquainted with 
the experimenter or with psychological learning theory can be selected in 
order to prevent, in so far as is possible , the inclusion in the sample of 
sophisticated subjects. 
A large number of potential subjects were excluded from the sample 
because of the age requirement; several students were excluded on the bas-
is of possible sophistication; and one foreign student was excluded be-
cause of poor familiarity with the English language. However, one student 
of foreign birth, who is a naturalized citizen and who has been in this 
country more than two years, was selected as an experimental subject. It 
was the opinion of the experimenter that this student had a reasonable fam-
iliarity with the English language, which was borne out in her results on 
the experiment. 
In order to facilitate the application of the experimental conditions 
to each group selected, it was decided that each experimental group would 
be composed of subjects from the same class. For example, the six origin-
al subjects in Experimental Group #1 were secured from the 7:30 section of 
Fundamentals of Speech and all six received Experimental List #13 simultan-
eously during their regular class period. 
Each of the seven classes provided from one to three experimental 
groups, depending upon the number of students in that class who met the 
experimental criteria. Wherever possible, alternates were selected from 
each class in the event of absences among the students chosen as the ex-
perimental subjects on the day the experiment was conducted. However , in 
spite of the selection of alternates, sufficient absences occurred to force 
a reduction in the number of subjects in each group from six to five, leav-
ing a total of 75 appropriate subjects in the experiment. 
The subjects, from each class, were randomly assigned to each of the 
groups possible from that class. Alternates, when available, were also 
randomly assigned. The random assignment of subjects to the experi-
mental groups was done as f ollows: (1) the data cards for each of the 
usable experimental subjects, within each class, were ordered by age and 
then by alphabet; (2) thus ordered, the cards were assigned random numbers, 
in order, starting with 00. For example, in one class where 13 potential 
subjects were available, random numbers were assigned from 00 to 12 after 
the data cards had been ordered by age and by alphabet. A table of ran-
dom numbers (Arkin & Colton, 1950) was then entered blindly. The subject 
with the first occurring random number was assigned as the alternate for 
either of the two experimental groups constructed from that class, in case 
of an absence in either group on the day of the experiment. The subjects 
with the second through the seventh random numbers, occurring in the table, 
were assigned to one experimental group. The subjects whose random num-
bers were eighth through 13th in occurrence were assigned to the other 
experimental group. The same basic procedure was followed in constructing 
the experimental groups from each of the seven classes used in the experi-
ment . 
The mean ages and mean approximate grade point averages for all 15 
groups, based upon the information secured on the data cards, are found 
in Appendix B. 
Following the construction of the 15 experimental groups, each group 
was assigned a number from 00 to 14. A table of random numbers (Arkin & 
Colton, 1950) was randomly entered. The experimental group with the first 
occurring random nurnber was assigned to Cell Number One of the matrix found 
in Table I. Each successively occurring random number was assigned to 
each successive cell (two, three, four, etc.) until the las t occurring 
group, Group Number Two, was assigned to the 15th cell. 
Experimental Lists 
The experimental desi gn required the use of a maximum of 12 cate-
gories, since lists composed of 12 categories were required for the groups 
in Cells 13, 14, and 15 in the matrix. Therefore, 12 mutually exclusive 
general category headings were selected. It was assumed that each cate-
gory heading selected was familiar enough to serve as an effective super-
ordinate, thereby facilitating the clustering and recall of its subordinate 
terms in the experimental lists. No attempt was made to equate the 
12 superordinates, which were chosen, for familiarity. 
Following the selection of the 12 superordinates, the necessary num-
ber of subordinate terms for each superordinate was selected. Following 
Bousfield and Cohen (1956), the Thorndike-Lorge tables (1944) were exam-
ined to find each appropriate subordinate for each of the superordinates. 
The Thorndike-Lorge tables were used as the best available index of word 
familiarity since it was necessary to have some basis for equating the 12 
experimental lists for familiarity . Bousfield and Cohen (1955) have shown 
that the frequencies of occurrence per million words, whichare listed in 
these tables, are a dependable index of the tendency to recall the words 
listed. 
Each appropriate subordinate, with a recorded frequency of from one to 
50 occurrences per million printed words, was recorded for possible use on 
the experimental lists. When the survey of the Thorndike-Lorge tables was 
completed, an abundant number of subordinates was derived for several sup-
erordinates, while the rest of the exoerimental superordinates accounted for 
fewer than 30 items each. Because one experimental cJndition (Cell Three) 
required 24 items in each of two categories, the two superordinates, yield-
ing the largest number of subordinates, were selected for use with the 
group assigned to Cells one, two and three. The superordinates selected 
for use in the experiment, in order of their application to the cells of 
the ~atrix in Table I, are found in Appendix C. For example, the cate-
gories of seventh through 12th preference, as found in Appendix C, came 
into use in the experiment only with the groups in Cells 13, 14, and 15 
of the experimental matrix. 
The appropriate number of subordinates for each category was selected 
f rom among t he terms derived from the Thorndike-Lorge tables . The numbers 
of subordinates selected for each superordinate will also be found in App-
endix C. The individual subordinates were carefully selected so as to be 
categor ically mutually exclusive . They cannot be logically categorized 
under any one of the experimental superordinates other than the one in-
t ende d. 
Each of the 15 experimental lists was constructed so as to have a 
mean f r equency of occurrence of 12, based on the Thorndike-Lorge fre-
quency count . In addition, the mean frequencies for the terms composing 
t he var ious categories in each of the lists were made approximately equal . 
As an addi tional check against differing familiarity of the lists, as many 
terms as possible were used on all lists where they would logically fit . 
For example , the subjects receiving the 48 item, four category list re-
ceived the same basic list in the same random order of presentation as 
the s ubjects receiving the 24 item, four category list . The only differ-
ence between the two lists was t hat half the items i ,, each category were 
deleted from the random order of presentation on the 48 item list, in 
constructing the 24 item list . Again , when half the items in each cate-
gory wer e deleted from the random order of oresentation in the 24 item 
list, the 12 item list was constructed . A list of the experimental terms 
us e d and the number of lists on which each term appears will be found in , 
Appendix D. The 15 experimental lists, in their random orders of pre-
sentati on will be found in Appendix E. 
Apparatus and the Mode of Presentation 
Following Bousfield and Cohen (1956), the visual mode for presenta-
tion of the experimental lists was selected for this experiment. A four 
by six inch white card was prepared for each of the 116 experimental terms, 
using a Leroy hand-lettering set . Each of these cards was then photograph-
ed using a slide camera and 35 millimeter film. The resulting negatives 
were mounted in standard cardboard mounts for slide projector presentation . 
By using the mounted negatives, the image projected on the screen was that 
of white letters of the word against a dark background. This type of image 
allowed for very effective presentation of the lists in a semi-darkened 
room. A Kodak Carousel slide projector was used for projecting the slides 
on a standard size screen. The projector was set for the automatic pro-
jection of each slide at five-second intervals, allowing for the exposure 
of each slide for four and one-half seconds with a half second period of 
darkness between slides. 
The single set of instruction, used with each group, was recorded and 
played back on a high fidelity, two-channel tape recorder. 
Since the experimental conditions were applied to the subjects dur-
ing class time, and since the seven classes were held in three different 
buildings , each group of subjects was taken from their classroom into an 
adjoining room where the apparatus for the experiment was set up . Five 
different rooms were used in collecting the data for this experiment . The 
periods of recall for each group were timed using a mechanical Kodak timer. 
Procedure 
Each group of subjects, upon entering the room where the apparatus 
was located, was instructed to sit down in the six desk-chairs which were 
arranged in a horseshoe shape between the projector and the screen. The 
chairs were arranged in this horseshoe shape so that the subjects could 
each have a clear, unobstructed view of the screen. Each subject was given 
a blank sheet of paper and told to print his or her name in the upper right-
hand corner. The instructions, a copy of which will be f ound in Appendix 
F, were played back for each group of subjects. Immediately following the 
play-back of the instructions, the room was darkened and the projection of 
the experimental lists was begun. The projection of the 48 item lists re-
quired four minutes; the 24 item lists required two minutes; and the 12 
item lists required one minute. Five seconds following the final slide of 
each list, the recall period for each group was initiated at a signal from 
tAe experimenter. Recall continued for two and one-half minutes for the 
groups receiving 12 items, for five minutes for the groups receiving 24 
items, and for ten minutes for the groups receiving 48 items. At the end 
of the recall period, the subjects were instructed to stop writing and the 
recall lists were immediately collected. The subjects were then returned 
to their classroom with the experimenter's thanks. 
Treatment of the Data 
Following the collection of the data for each of t he 15 experimental 
groups, the resulting data sheets were prepared for analysis. In several 
of the 15 groups, six subjects had been obtained. Since it was necessary 
to use the data from only five subjects for each group, the results of 
one subject, in several six-subject groups, were discarded. If one of 
the subjects in the six-subject groups was an alternate, his results were 
discarded; however, in those groups where no alternate was included, the 
subject with the highest random number, listed on his data card, was 
discarded. 
When all groups were brought to a common base of five subjects, each 
recall list in each group was examined and scored. The number of correct 
responses and the number of incorrect intrusions was recorded for each 
subject on his data card. When the two measures of the dependent var-
iables were recorded on the data card, all scores were multiplied to a 
base of 48 items. For example, the scores of those subjects who received 
12 item lists were multiplied by four; the scores of those subjects re-
ceiving 24 item lists were multiplied by two. 
When the scores on both dependent variables were transformed to a 
base of 48, for all 75 subjects, the scores for each subject, on the num-
ber of correct recalls dependent variable, were entered on a data sheet to 
facilitate the analysis and the computing of results. A copy of this data 
sheet will be found in Appendix G. The transformed scores for each sub-
ject, on the number of incorrect intrusions depende. t variable, were en-
tered on a separate data sheet to facilitate analysis. A copy of this data 
sheet will be found in Appendix H. 
The mean adjusted scores, for all experimental groups, were computed 
for the number of correct recalls dependent variable. The sums of the 
scores, as well as the sums of the squares of the scores, for the subjects 
in each group were computed. The sums of the scores, and the sums of the 
squares of the scores, for all subjects receiving each of the three diff-
erent lengths of lists were computed. The sums of the scores, and the sums 
of the squares of the scores , for all subjects receiving each of the 
five different numbers of categories were computed. Each of the sums of 
the scores, and sums of the squares, was then entered on the data sheet 
and the data was ready for analysis. 
Inspection of the data provided by the dependent variable, the num-
ber of correct recalls, suggested strongly that it was normally distribut-
ed; therefore, a formal test for normality of this data was bypassed. The 
data obtained by the measure of the number of incorrect intrusions was high-
ly skewed toward the lower end of the possible range of scores, with more 
than half of the subjects recording~ incorrect intrusions at recall. 
This fact required that the data for incorrect recalls be analyzed using 
non-parametric statistics. 
Results 
Results on the Measure of the Number of Correct Recalls 
Figure I shows graphically the 15 group means for the dependent var-
iable, the number of correct recalls. Table II provides a summary of the 
3x5 factorial analysis of variance for the number of correct recalls. The 
overall treatment effects and the effects of the independent variable, 
lengths of lists, were both significant well below the .005 level of confi-
dence. The effects of the independent variable, the number of categories, 
were significant below the .025 level. The F value for the interaction of 
the two independent variables was not significant , even at the .25 level. 
For Figure I, the group means were plotted graphically and curves were 
fitted, by the method of inspection, to the five data points representing 
the mean number of correct recalls, for each of the five numbers of cate-
gories used with each of the three lengths of lists. It should be noted 
that the three curves do not intersect within the limits of from 2 to 12 
numbers of categories, which are the limits of the experiment. The poss-
ible intersections of these three curves, beyond the experimental limits, 
are strictly hypothetical and cannot be demonstrated using the plotted data 
points for the number of correct recalls. It is evident, both from in-
spection of the curves and from a non-significant F value for the inter-
action of the two independent variables, that the three curves are not 
exactly parallel; it is not evident that there is an intersection of the 
curves beyond the limits of the experiment. The differences among the 
three list lengths, as they affect the number of correct recalls, are 
obvious from the plotted data points and the fitted data curves, the 
ru,t~r,n Li-JU 
FORT HAYS KANSAS STATE COLLEGE 
· 4 - ---t 
r- I t 
i 
-:3- + t 
J 1 I r 
. i t i 
3 
+ -r + . 
j I • I I 
+ : t 25-
I r- 1 + 
i i I 
j I 
I 
+ + t I t t- . r r t 
1 r + I 
' i 
I 





- - -l l 
l t 
I 








































Summary of the Formuli for the 
3x5 Factorial Analysis of Variance 




C - Numbers of 
Categories 



















~•: - F value is significant below the • 025 level. 
* - F value is significant well below the .005 level. 







order of decreasing efficiency of recall being from 12 items through 48 
items. 
Following the original inspection of the data , the variances and 
means for each of the 15 groups were found, and the F max. test ( Walker 
& Lev, p . 192) was carried out to determine whether or not the 15 var-
iances could be considered homogeneous . The F value obtained, using the 
F max . test, was 9.45 with 15 variances. An F value equalling 29.9 is 
required with only 12 variances, five observations per variance, at the 
.05 level to reject the hypothesis that there are no significant differ-
ences among the variances . Therefore, the Null hypothesis was accepted 
and the data analyzed, assuming homogeneity of the variances. 
Since significance was found for the overall treatment effects, as 
well as for the main effects of both indeoendent variables, an analysis 
of the differences among the 15 group means was done. The analysis 
chosen to test the significance of the individual differences among the 
means was Duncan's New Multiple Range Test (Edwards, pp. 136-140). The 
results of the individual comparisons of the means~ e found in Table III. 
Table III shows that there were no significant differences between the 
means of the five groups receiving the various numbers of categories in 
lists 48 items in length . There were no significant differences among 
the means for each of the groups receiving 12 items in three, four, six, 
and 12 categories; however, each of these groups was significantly more 
efficient at recall than the subjects receivinE the lists of 12 items in 
2 categories . There were no significant differences among the means for 


















Individual Test of Significance of the Difference 
Among the Group Means for the Number 
of Correct Recalls ~•: 
Group Mean 
List Received Correct Recalls 
L-48, C-2 20.2 
L-48, C-3 21.6 
L-48, C-4 ?2 . 2 
L-48, C-6 22.6 
L-48, C-12 25 .4 
L-24, C-2 27.6 
L-12, C-2 29.6 
L-24, C-3 30.8 
L-24, C-4 31.2 
L-24, C-12 32.0 
L-12, C-12 34.4 
L-24, C-6 35.2 
L-12, C-4 35.2 
L-12, C-6 40.0 
L-12, C-3 40.0 
I I 
I 
Any group means included within a single vertical line are not signi-
ficantly different from the other means included within the limits of 
that line. For example, the mean correct recalls for Groups 3, 15, 9 , 
12, 2, and 10 do not show statistically significant differences among 
themselves, but they are each significantly lower mean scores than the 
means for Groups 8, 7, 13, 1, 4, 14, 6, & 5. 
categories ; however , each of these groups was significantly more efficient 
in recall than the subjects receiving the lists of 24 items in two cate-
gories . 
Results on the Measure of the Number of Incorrect Intrusions 
Table IV provides a summary of the results of the Chi-Square test of 
the effects of the length of lists upon the number of incorrect intrusions 
at recall; the Chi-Square value obtained for this test, using the corrected 
formula, was significant well below the . 01 level of confidence. Table V 
provides a summary of the test for the effects of the numbers of categories 
upon the number of incorrect intrusions at recall. The corrected Chi-
Square value obtained for this test was not quite significant at the . 05 
level of confidence. Tables VI and VII summarize the tests of the differ-
ences between the list lengths of 12 and 24 items and between the lengths 
of 24 and 48 items. The corrected Chi-Square value for Table VI shows a 
significant advantage, at the .05 level of confidence, for list lengths of 
12 items; however, the differences between list lengths of 24 and 48 items 
were significant, only, at the .30 level, which is 7ot accepted as a truly 
significant value, on the basis of the present data for incorrect intrusions 
at recall . 
The analysis of the data obtained on the dependent variable, the num-
ber of incorrect intrusions, was doneusing Chi-Square (Edwards , pp. 63-71) 
with a correction factor. It was necessary to use a correction factor in 
each Chi-Square test, which was done, since at least one cell in each com-
parison contained fewer than ten subjects. The criterion for the division 
of the subjects, in each of the 15 groups , into the above and below 
Table IV 
Chi-Square Analysis of the Effects of the 
Length of Lists Upon the Numbers of 
Incorrect Intrusions 
Length of Lists 
12 items 24 items 48 items 
Subjects 
with 0 23 16 12 
Intrusions 
Subjects 
with one or 2 9 13 
more intrusions 
Sums 25 25 25 













Chi-Square Analysis of the Effects of 
the Numbers of Categories on the 
Number of Intrusions at Recall 
Numbers of Categories 
2 3 4 6 
10 11 5 12 
5 4 10 3 
15 15 15 15 
Chi Square = 8.935, 4 df, not significant 









with one or 
Table VI 
Chi-Square Analysis of the Difference in the 
Effects Upon Incorrect Intrusions, of 
Lists of 12 Items and Lists of 
24 Items in Length 
Length of Lists 




Sums 25 25 






Chi-Square Analysis of the Differences in the 
Effects Upon Incorrect Intrusions of 





with one or 
more intrusions 
Sums 
48 Items in Length 















criterion cells, was one intrusion. The subjects in each group who re-
corded no intrusions were placed in the above criterion cell and all 
subjects, in the same group , listing one or more intrusions were placed 
in the below criterion cell. 
No attempt was made to graphically represent the effects of the inde-
pendent variables upon the numbers of incorrect intrusions, since the data 
appeared to be too irregular for graphical presentation to be of value for 
interpretation of the results. 
Discussion 
The most interesting result found in the analysis of the number of 
correct recalls was the conspicious absence of the hypothesized inter-
action of the two independent variables of the experiment, upon recall 
efficiency. As was expected, the main effects of both independent var-
iables significantly affected recall efficiency, as measured by the num-
ber of correct recalls. 
The absence of a significant interaction effect has a bearing upon 
the problem originally selected for the thesis which was to identify the 
optimum number of categories for lists of words 24 to 30 items in length 
and to attempt the construction of a recall efficiency curve for all num-
bers of categories from 2 through 15. A primary stumbling block, which 
led to the decision to postpone the attempt to isolate the optimum num-
ber of categories, was that the optimum number of categories for lists of 
the previously specified lengths could not be found without the use of 
various lengths of lists, if all categories from two through 15 were to 
be tested. The experimental design which would have been necessary for 
the originally proposed experiment would have allowed for the isolation of 
the effects of list length for two, three, four and six categories; but, 
it would have been extremely difficult, if not impossible, to determine 
whether the list length effects were the same for seven through 15 cate-
gories as they were for two through six categories. It was concluded that 
a significant interaction between list length and the increasing number of 
categories would prevent confident generalization from the effects of 
various list lengths for two through six categories to the effects of 
various list lengths for 7 through 15 categories. 
The findings of this experiment are encouraging in that a signifi-
cant interaction between the number of categories and the length of lists 
was absent from the results. Of course, a replication of the present 
findings with, possibly, a different population would be desireable be-
fore the originally proposed experiment could be confidently carried out, 
in an attempt to isolate the optimum number of categories for lists of 
from 24 to 30 items. It will be noticed from Figure I, that as the length 
of the lists increases from 12 to 24 to 48 items, the curves become succ-
essively flatter, although the flattenin g effect is not as pronounced as 
might have been expe cted. 
Another interesting result of the experiment was the failure of the 
number of categories variable to show significant differences among var-
ious numbers of categories for recall efficiency, with lists of 48 items 
in length. This result is not consistent with the work by Bousf ield and 
Cohen (1956) where lists of 60 items were used in findin g significant 
differences among two, four, and eight categories . From the results of 
the present experiment, it would seem logical that if 60 item lists had 
been included in the experiment, the resulting curve for 60 item lists 
would have been even flatter than the curve found for lists 48 items in 
length, with various numbers of categories. The differences between the 
results of this experiment and the work by Bousfield and Cohen may be 
due to several factors. Some of these factors could be the different 
populations used, the slightly different modes of visual presentation of 
the lists the differences in the construction of the experimental word ' 
lists , and the differences in the motivation or intelligence of the ex-
perimental subjects. It should be noted that Bousfield and Cohen were 
in a potentially better position to motivate their subjects--who were 
students trying to get a grade in General Psychology--than was the writer, 
who had no power or influence over his subjects, in any way . It might be 
said that the writer was merely tolerated by the subjects for the present 
experiment. 
It had not been anticipated that the subjects for this experiment 
would be quite so accurate in producing their recall lists. It was ex-
pected that there would be a much greater percentage of subjects record-
ing incorrect intrusions at recall, and that the magnitude of these in-
trusions would be much greater than they were. It should be pointed out 
that the largest unadjusted number of intrusions found on any of the re-
call lists was two; two intrusions were recorded by several subjects in 
groups receiving each of the three lengths of lists. Had there been a 
greater range and greater magnitude of intrusions on the recall lists, 
the dependent variable of incorrect intrusions mi ~ht have provided much 
more satisfactory and interpretable data than were actually obtained. 
The unusually low rate of intrusions , at recall, found in this experi-
ment, in comparison with the findings of Mathews (1954) and of Bousfield 
and Cohen (1956), may be due to several factors. The writer would like 
to think that the rigorous construction of the experimental lists, using 
only terms which were subjectively considered as most appropriate as well 
as meeting all other criteria f or inclusion in the lists, was responsible 
for the high degree of recall accuracy demonstrated by the experimental 
subjects . However, it must be recognized that the low rate of intrusions 
was probably due to the conscientiousness of the subjects or to some other 
factor not even thought of by the writer. 
The results of the Duncan's New Multiple Range Test, in analyzing the 
individual differences amongihe means, were of interest, in that very few 
of the 15 experimental conditions significantly increased recall efficiency 
over the efficiency for the rest of the conditions tested. There is the 
possibility that a more powerful test of individual differences could have 
been used to find significant differences in recall efficiency among more 
of the means; however, it is felt that the use of a more powerful test of 
individual mean differences, such as orthogonal comparisons would have been 
open to legitimate criticism. One reason that orthogonal comparisons were 
not used in this experiment was the fact that the writer had no idea which 
comparisons would be most important to analyze, prior to the analysis of 
the data. 
The results of this experiment clearly support the hypothesis that 
the efficiency of recall will decrease as the len th of the experimental 
lists increases from 12 to 48 items. The hypothesis that the number of 
incorrect intrusions at recall will increase as the length of the lists 
increases from 12 to 48 items is only partially supported by the results. 
The third hypothesis, that the efficiency of recall increases as the num-
ber of categories in the word lists increase from 2 through 6 and de-
creases from 6 to 12, is generally supported by the results. The re-
sults of the experiment did not support the hypothesis that the number 
of incorrect intrusions decreases as the number of categories in the 
stimulus word lists increases f rom two through six and that a revers~l in 
the relationship occurs between 6 and 12 categories . Although the corrected 
Chi-Square analysis does not support this hypothesis , inspection of the 
data shows a strong trend in the expected direction . Had the range of 
intrusions been greater , it is very likely that this hypothesis would be 
supported by the results. 
As had been noted previously, the results of the experiment flatly 
contradict the hypothesis that there is a significant interaction between 
t he list length and the number of categories as they affect both of the 
dependent measures of the independent variables . 
Further work is needed to investigate various other factors influenc-
ing the organization, retention, and recall of meaningful learned material 
in this particular type of experiment . For example , experiments are needed 
to determine the effects of the age variable as it affects recall effic-
iency in this type of experimental design . A tenable hypothesis, genera-
lized from other types of experiments , which could be tested experimentally 
is that, as age increases up to approximately 35 ears , recall efficiency 
will increase as a positive function of the increase in age, and that the 
relationship becomes negative as age progresses upward from about age 45 
years . The hypothesis that recall efficiency is a positive function of 
the degree of motivation and the degree of intelligence also needs to be 
confirmed, using this particular experimental design and method of pre-
sentation to substantiate generalizations possible from other types of 
experiments on the effects of these variables. Once these and other 
possibly significant variables are investi~ated, the poss i bility of more 
definitive work, using categorized lists of meaningful material to study 
the organization of memory in this type of factorial design, will become 
feasible . 
Conclusions 
The results of the experiment support the conclusion that the length 
of the list used in presenting meaningful material for learning, reten-
tion, and recall has a significantly negative relationship with the degree 
of recall efficiency. That is, as the total number of items in a list in-
creases, regardless of categorization, recall efficiency, in terms of the 
percentage of items recalled, is reduced. 
This conclusion must be tempered by the recognition of the extreme 
differences in the list lengths used in this experiment. Smaller list 
length differences would obviously have correspondingly smaller impact 
upon the dependent variables used as measures of the effect of the length 
of the lists used. 
The findings of this experiment lead to the conclusion that the 
numbers of categories used within any particular list of meaningful mat-
erial presented for learning, retention, and recall significantly affects 
retention as measured by the number of correct recalls, and probably has 
an impact upon the accuracy of recall, as measured by the number of in-
correct intrusions. It is concluded that two categories is the most in-
efficient number of categories for the organization of recall, if more 
than 12 categories are not considered in this conclusion. Because of the 
failure to find the expected number of significant differences between the 
various numbers of categories, as measured by the two dependent variables 
of the experiment, the conclusion is tenable that the number of subordinat-
es, to be organized under the appropriate superordinates in human memory, 
is a more powerful factor, affecting all aspects of memory, than is the 
factor of the absolute number of categories used in the organization of 
memory. It is evident that more than 12 subordinates per category cannot 
be efficiently organized by the clustering mechanism in human memory; al-
though, it may be concluded from these results, that the number of sub-
ordinates per category is not significant when under 12 items. Another 
conclusion drawn from this experiment is that the number of incorrect in-
trusions at recall is not a stable enough measure, as a dependent variable, 
for reliable use in interpreting the characteristics of human memory. The 
number of incorrect intrusions is obviously more greatly affected, by more 
variables, than is the number of correct recalls. 
The most important conclusion to be drawn from this experiment is 
that within the range of 12 to 48 items per list length there is no signi-
ficant interaction between the number of categories and the number of items 
in the lists of meaningful material. This leads to the conclusion that 
within the limits of list lengths having from 12 to 48 items, different 
numbers of list lengths, with a maximum range of ten items difference in 
length, can confidently be used to test for each r ..unber of categories be-
tween 2 and 24, without apprehension that the effects of list length will 
interact with the effects of the numbers of categories in any other than a 
nearly parallel relationship. It is concluded that if the range of diff-
erences, in the list lengths used in such an experiment, is held to six 
items, the curves for each list length, plotted on data points represent-
ing recall efficiency for the number of categories being tested, will show 
a parallel relationship. This will allow for the interpretation of a two 
factor Analysis of Variance without the inconvenience of having to 
interpret an interaction between the two factors. 
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Appendixes 
Appendix A 
(A) Data Card Used with Fundamentals of Speech Classes 
DATA CARD 
Please print your name in full: 
What is your age, to your nearest birthday? 
Circle your college classification: Fr. Soph. Jr. Sr. Grad. 
What is your home town? 
What is your major field of study? 
Circle the hour at which you take Fundamentals of Speech: 7:30 8:40 9:50 1:00 
What is your approximate grade average? 
(B) Data Card Used with Human Growth and General Psychology Classes 
DATA CARD 
Please print your name in full: 
What is your age, to your nearest birthday? 
Circle your college classification: Fr. Soph. Jr. Sr. Grad. 
What is your home town? 
What is your major field of study? 
Have you taken the course Fundamentals of Speech? Circle one: Yes No 
Are you presently enrolled in a section of Fundamentals of Speech? Yes No 
If "Yes", at what hour do you take that class? 7:30 8:40 9:50 1:00 
What is your approximate grade average? 
Appendix B 
Mean Ages and Reported Grade Points 
for the 15 Experimental Groups 
Group Instructor & Cell-List C-No. Cate. Mean Mean Reported 
Number Class Time Number L-Length Group Grade Point 
of List Age 
11 Evans - 7:30 1 C-2; L-12 20.4 1.22 
10 Evans - 7:30 2 C-2; L-24 21.6 1.44 
3 Dunavan - 8:40 3 C-2; L-48 19.4 1.60 
5 Costigan - 9:50 4 C-3; L-12 20.0 2.02 
8 Smoot - 2:10 5 C-3; L-24 20.4 2.08 
15 Heather - 1:00 6 C-3; L-48 19.8 1.76 
14 Heather - 1:00 7 C-4; L;l2 19.2 1.56 
7 Costigan - 9:50 8 C-4; L-24 19.6 1.92 
9 Evans - 7: 30 9 C-4; L-48 19.4 1.92 
6 Costigan - 9:50 10 C-6; L-12 19.8 1.78 
4 Dunavan - 8:40 11 C-6; L-24 20.0 1.88 
12 Smoot - 8:40 12 C-6; L-48 21.8 1.40 
1 Heather - 7:30 13 C-12;L-12 19.8 1.76 
13 Smoot - 8:40 14 C-12;L-24 21.6 1.48 
2 Heather - 7:30 15 C-12;L-48 20.0 1.68 
Grand Mean Age= 20.19 
Grand Mean Grade Point - 1.70 
Appendix C 
The Order of Preference and the Order of Application of the 
Categories and the Number of Experimental Terms Selected 
as Subordinates for Each Category 
Category 




s. Foreign Countries 
6. American States 
7. Animals 
8. Vegetables 
9. Wearing Apparel 
10. Major American Cities 


















Master List of Experimental Terms and the Number 
of Lists on Which Each Term Was Used 
No. of Lists No. of Lists 
Terms on Which Used Terms on Which Used 
1. Harold 14 21. carpenter 5 
2. architect 13 22. actress 5 
3. Michael 12 23. librarian 5 
4. lark 12 24. wren 5 
5. Bruce 11 25. chickadee 5 
6. Owen 11 26. goldfinch 5 
7. historian 11 27. chestnut 5 
8. grocer 11 28. spruce 5 
9. chemist 10 29. Austria 5 
10. oriole 10 30. Burma 5 
11. clergyman 8 31. Nebraska 5 
12. sparrow 8 32. Israel 4 
13. elm 8 33. Illinois 4 
14. sycamore 8 34. Alaska 4 
15. Howard 7 35. Gilbert 3 
16. Anthony 7 36. Albert 3 
17. dentist 7 37. Adam 3 
18. magpie 7 38. Floyd 3 
19. Ned 5 39. butcher 3 
20. Vincent 5 40. sculptor 3 
41. druggist 3 66. cabbage 2 
42. pigeon 3 67. lettuce 2 
43. dove 3 68. tomato 2 
44. thrush 3 69. apron 2 
45. ash 3 70. Cleveland 2 
46. poplar 3 71. Cincinnati 2 
47. cottonwood 3 72. Indianapolis 2 
48. redwood 3 73. ankle 2 
49. Poland 3 74. lung 2 
so. Montana 3 75. eyelash 2 
51. badger 3 76. drill 2 
52. bonnet 3 77. rake 2 
53. Philip 2 78. trowel 2 
54. Clifford 2 79. Edward 1 
55. Gregory 2 80 . Sam 1 
56. Conrad 2 81. Wilbur 1 
57. physician 2 82. Chester 1 
58. electrician 2 83 . Byron 1 
59. florist 2 84 . Malcolm 1 
60. bartender 2 85. Dudley 1 
61. robin 2 86. Rex 1 
62. canary 2 87 . lawyer 1 
63. hummingbird 2 88. banker 1 
64. Michigan 2 89. printer 1 
65. weasel 2 90. cashier 1 
91. journalist 1 104. Iceland 1 
92. accountant 1 105. Bulgaria 1 
93. janitor 1 106. Kentucky 1 
94. biologist 1 107. Utah 1 
95. woodpecker 1 108. Idaho l 
96. bobolink l 109. fox 1 
97. whippoorwill l 110. raccoon l 
98. palm l 111. carrot l 
99. evergreen l 112. slipper 1 
100. rosewood l 113. suspenders 1 
101. aspen 1 114. Houston l 
102. Scotland 1 ll5. scalp l 
103. Denmark l 116. spade 1 
Appendix E 
Experimental Word-Lists Used, 








Cell #1 - Group #11 
(12 Items, 2 Categories) 
7 7. actress 
11 8. Howard 
5 9. historian 
12 10. Bruce 
14 11. clergyman 






















Cell #2 - Group #10 
(24 Items, 2 Categories) 
Owen 7 13. dentist 
Vincent 9 14. Albert 
butcher 22 15. actress 
carpenter 24 16. Howard 
Gilbert 17 17. druggist 
grocer 11 18. historian 
Ned 15 19. Bruce 
Anthony 5 20. clergyman 
librarian 3 21. Harold 
Michael 12 22. Adam 
architect 14 23. chemist 






































Cell #3 - Group #3 
(48 Items, 2 Categories) 
cashier 6 23. Dudley 
Owen 7 24. dentist 
accountant 2 25. Malcolm 
Vincent 9 26. Chester 
butcher 22 27. Albert 
Wilbur 8 28 . journalist 
Sam 27 29. Gregory 
Clifford 6 30. Rex 
carpenter 24 31. physician 
Byron 3 32. actress 
janitor 2 33. Howard 
Gilbert 17 34-. druggist 
grocer 11 35. biologist 
florist 2 36. lawyer 
Ned 15 37. historian 
Anthony 5 38. Bruce 
librarian 3 39. clergyman 
Edward 47 4-0. banker 
Michael 12 41. Harold 
electrician 2 42. Adam 
architect 14 4-3 . bartender 







































Cell #4 - Group #5 
(12 Items, 3 Categories) 
10 7. architect 
12 8. sparrow 
11 9. Michael 
2 10. Bruce 
7 11. historian 






















Cell #5 - Group #8 
(24 Items, 2 Categories) 
librarian 3 13. 
chemist 10 14. 
chickadee 3 15. 
Harold 12 16. 
Ned 15 17. 
Howard 19 18. 
grocer 11 19. 
wren 10 20. 
oriole 2 21. 
Owen 7 22. 
carpenter 24 23. 


















































Cell #6 - Group #15 
(48 Items, 3 Categories) 
librarian 3 23. 
woodpecker 9 24. 
Adam 10 25. 
thrush 6 26. 
chemist 10 27. 
dove 19 28. 
canary 8 29. 
chickadee 3 30. 
Gregory 3 31. 
druggist 4 32. 
Gilbert 17 33. 
Harold 12 34. 
Ned 15 35. 
Howard 19 36. 
electrician 2 37. 
florist 2 38. 
grocer 11 39. 
wren 10 40. 
Albert 13 41. 
oriole 2 42. 
bartender 1 43. 







































Cell #7 - Group #14 
(12 Items, 4 Categories) 
14 7. clergyman 
3 8. chestnut 
11 9. lark 
4 10. Owen 
12 11. elm 






















Cell #8 - Group #7 
(24 Items, 4 Categories) 
14 13. Howard 
19 14. clergyman 
2 15. thrush 
22 16. lark 
37 17. actress 
11 18. Owen 
12 19. dentist 
5 20. historian 
4 21. elm 
12 22. goldfinch 
2 23. Bruce 






























15 . Anthony 
16. magpie 
17. sycamore 
18 . Harold 
19. wren 
20 . canary 
21. redwood 
22. spruce 
Cell #9 - Group #9 
( 48 Items , 4 Categories) 
14 23 . Howard 
19 24 . Gilbert 
8 25 . clergyman 
24 26 . chestnut 
2 27. thrush 
22 2 8. hummingbird 
3 29. druggist 
8 30 . lark 
37 31. actress 
11 32 . chemist 
12 33 . Owen 
1 34 . dentist 
15 35 . butcher 
9 36. librarian 
5 37. historian 
2 38 . elm 
4 39. goldfinch 
12 40. palm 
10 41. Albert 
8 42. Vincent 
2 43. Adam 








































Cell #10 - Group #6 
(12 Items, 6 Categories) 
8 7. elm 
20 8. architect 
12 9. Austria 
12 10. chemist 
2 11. lark 






















Cell #11 - Group #4 
(24 Items, 6 Categories) 
chestnut 16 13. 
Michael 12 14. 
Bruce 17 15. 
Harold 12 16. 
Montana 8 17. 
oriole 2 18. 
sparrow 22 19. 
Nebraska 4 20. 
magpie 2 21. 
elm 16 22. 
Poland 16 23. 






































Cell #12 - Group #12 
(48 Items, 6 Categories) 
clergyman 12 23. Kentucky 
carpenter 24 24. architect 
pigeon 34 25. Utah 
Denmark 10 26. Alaska 
Howard 19 27. historian 
poplar 8 28. Idaho 
Michigan 20 29. spruce 
chestnut 16 30. Austria 
Michael 12 31. Owen 
redwood 2 32. sycamore 
Bruce 17 33. ash 
Harold 12 34. Anthony 
Iceland 4 35. Bulgaria 
Montana 8 36. dentist 
oriole 2 37. Vincent 
sparrow 22 38. Illinois 
Scotland 30 39. librarian 
goldfinch 1 40. cottonwood 
Nebraska 4 41. Israel 
magpie 2 42. chemist 
elm 16 43. Ned 



























48 . Burma 













Cell #13 - Group #1 
(12 Items, 12 Categories) 
15 7. historian 
12 8 . badger 
sycamore 4 9 . rake 
Israel 9 10. Cincinnati 
bonnet 10 11. Alaska 


























Cell #14 - Group #13 
(24 Items, 12 Categories) 
2 13. Burma 
21 14. tomato 
17 15. architect 





weasel 9 17. Indianapolis 3 
sycamore 4 18. elm 16 
Cleveland 22 19. Illinois 24 
chemist 10 20. Nebraska 4 
bonnet 10 21. Michael 12 
Harold 12 22. lark 22 
cabbage 16 23. oriole 2 
badger 11 24 . Austria 23 
288 























Cell #15 - Group #2 
(48 Items, 12 Categories) 
2 23. sparrow 
12 24. Burma 
21 25 . Bruce 
17 26 . tomato 
15 27. Poland 
12 28. rake 
9 29. Owen 
1 30. spade 
9 31. Montana 
11 32. architect 
4 33. scalp 
22 34. drill 
2 35. Cincinnati 
9 36. Alaska 
10 37. Indianapolis 
16 38. slipper 
1 39. elm 
10 40 . Illinois 
12 41. Nebraska 
13 42. grocer 
16 43 . Michael 



































Tape Recorded Instructions 
The following instructions were played for all experimental groups 
immediately before the projection of the lists of experimental terms: 
"You are about to participate in an experiment which has been de-
signed to study some of the previously unexplored characteristics of 
human memory. You will watch a series of words which I will project on 
the screen. Your task is to look carefully at each word, since as soon 
as the series of words is finished, you are asked to recall as many of 
them as you possibly can. 
Do not begin to write down the words until I give you the signal, 
which will be 'begin'. When I say 'begin', start writing and list as 
many of the words as you can possibly remember. Please list the words in 
columns, starting at the left side of your paper. Please maintain sil-
ence throughout the experiment, after I have begun projecting the word 
series. Are there any questions? If so, feel free to ask them now. No 
questions can be asked, or answered, once the experiment has begun." 
Appendix G 
Data Sheet for Correct Recalls 
Subiects 
#1 #2 #3 #4 #5 Sums Means Variance 
12 32 32 32 28 24 148 29.6 12.80 
C items 
a 
2 t 24 26 22 34 26 30 138 27.6 20.80 
e items . 
48 20 16 26 16 23 101 20.2 19.20 
items 
12 32 40 48 44 36 200 40.0 40.00 
C items 
a 
3 t 24 30 28 28 3L~ 34 154 30.8 9.20 
e items 
• 
48 22 26 22 20 18 108 21.6 8.80 
items 
12 44 44 24 28 36 176 35.2 83.20 
C items 
a 
4 t 24 22 34 32 40 28 156 31.2 45.20 
e items . 
48 28 18 26 20 19 111 22.2 20.20 
items 
12 40 44 28 44 44 200 40.0 48.00 
C items 
a 
6 t 24 46 30 .38 24 .38 176 35.2 71.20 
e items . 
48 25 24 26 18 20 11.3 22.6 11.80 
items 
12 32 40 .36 32 .32 172 .34.4 12.80 
C items 
a 
12 t 24 .34 .32 .32 26 36 160 32.0 14.00 
e items . 
48 19 28 28 21 .31 127 25.4 26~30 
items 
Appendix H 
Data Sheet for Incorrect Intrusions 
Number of Number of 
Subjects Subjects Subjects 
with O with 1 + 
#1 #2 #3 Hl. #, Sums intrusions intrusions 
12 0 0 0 0 4 4 4 1 
C items 
a 
2 t 24 4 0 0 0 0 4 4 1 
e items 
• 
48 0 4 1 0 2 7 2 3 
items 
12 0 0 0 0 0 0 5 0 
C items 
a 
3 t 24 0 2 0 0 2 4 3 2 
e items 
• 
48 1 0 0 1 0 2 3 2 
items 
12 0 0 4 0 0 4 4 1 
C items 
a 
4 t 24 2 2 2 0 4 10 1 4 
e items 
• 
48 1 1 1 2 2 7 0 5 
items 
12 0 0 0 0 0 0 5 0 
C items 
a 
6 t 24 0 0 0 2 0 2 4 1 
e items 
• 
48 0 0 0 1 1 2 3 2 
items 
12 0 0 0 0 0 0 5 0 
C items 
a 
12 t 24 0 0 0 2 0 2 4 1 
e items 
• 0 0 0 1 4 1 48 0 1 
items 
